1. E.p.r. (electron-paramagnetic-resonance), proton-relaxation and u.v analyses of the samples, and show that the specific activity of the molecules containing only one CU2+ ion is twice as high as that of the molecules with two Cu2+ ions. 4. These results support the hypotlhesis of an anti-co-operative interaction between the two sites during the activity, which allows only one CU2+ ion to function in catalysis.
recombined with different amounts of Cu2+ up to the stoicheiometric [Cu2+]/ [protein] ratio were investigated after attainment of equilibrium in the recovery process. 2. The e.p.r. spectra were identical with the spectrum of the native protein at all [Cu2+]/ [protein] ratios. The relaxation rate of the water protons (T1) and the u.v. absorption increase as linear functions of the added Cu2+. 3. On the other hand, in recombination experiments in the range pH7.6-10.5 the enzyme activity shows a non-inear increase as the [Cu3+]/
[protein] ratio rises. The experimental curves can be interpreted in terms of the model of co-operative binding of CU2+ to the two sites proposed on the basis of the electrophoretic analyses of the samples, and show that the specific activity of the molecules containing only one CU2+ ion is twice as high as that of the molecules with two Cu2+ ions. 4. These results support the hypotlhesis of an anti-co-operative interaction between the two sites during the activity, which allows only one CU2+ ion to function in catalysis.
In the preceding paper (Rigo et al., 1977) we have shown that re-addition of Cu2+ to Cu2+-free bovine superoxide dismutase results in a non-statistical distribution of CU2+ between the two Cu2+ sites. particular, the process of Cuj2+ binding appears to be co-operative, as the binding of the second Cu2+ ion is favoured with respect to the binding of the first one. In the present paper we report on various properties displayed at equilibrium by samples recombined with different amounts of CU2+. These data show further aspects of the interdependence between the active sites of the enzyme, which could relate to the half-thesites mechanism of action of the enzyme (Fielden et al., 1974) . In particular we show that the recovery of the spectral properties is a linear function of the added Cu2+, whereas the enzyme activity is restored in a non-linear fashion, which can be interpreted as the Cu2+ ion bound first being more active than that bound second.
Materials and Methods
The procedures for the preparation of superoxide dismutase, Cu2+-free protein, and protein samples Vol. 161 with different Cu2+ content for the determination of protein concentration and metal content and for gel electrophoresis, are as described in the preceding paper (Rigo et al., 1977) . Enzyme activity was determined polarographically, as previously reported (Rigo et al., 1975) .
Optical absorption measurements were done with a model 635 Varian spectrophotometer; X-band e.p.r. (electron-paramagnetic-resonance) spectra were recorded on a Varian V-4502 spectrometer. The spin-lattice relaxation time, T1, of the water protons was measured at 25°C by the 900-r-900 pulse sequence on a Polaron pulsed n.m.r. (nuclearmagnetic-resonance) apparatus working at 16.0 MHz. pH measurements were made with a model 331 Amel p1-meter.
Results

T1 measurements
In Fig. 1 negligible. This behaviour is independent ofpH in the range 3.5-10.5.
U.v. absorption
As previously reported (Rotilio et al., 1972; Fee, 1973) The molar fractions No, N1 and N2, that is the fractions of molecules which in the recombination process contain zero, one and two CU2+ ions per protein molecule respectively, were determined by gel electrophoresis as previously described (Rigo et al., 1977) . The results ofexperiments performed at two different pH values above pH7 are shown in Tables 1 and 2 , which also include the values of the activity constants, k., for each sample. From these data it appears that the maximum value of N1 is lower than 0.5, which agrees with the proposed model of co-operative CU2+ binding to the Cu2+-free enzyme, and that the first As far as question (1) is concerned, only two types of Cu2+-containing molecules, namely those containing one Cu2+ ion (P1) and those containing two Cu2+ ions (P2), should be present in the samples under investigation. In fact it appears quite improbable that two types of P1 molecules, characterized by different activities, are present, because ofthe spectroscopic equivalence of the Cu2+ ions in the resting enzyme and the equivalence of the Cu2+ sites in the Cu2+-free protein and in the holoprotein.
As to question (2) to the ratio kcul/kc-2, and where N. and N2 refer to the different patterns of Cu2+ distribution we have considered in the preceding paper (Rigo et al., 1977) . (Rigo et al., 1976 where kn is the normalized experimental k value. From Tables 1-3 it appears that the mean value of kcu,1/kcu2 is very near to 2.
As to the question (3), the decrease of specific activity with the increasing filling of the second Cu2+ site, in spite of the spectroscopic identity of the two sites, is in favour of the hypothesis that the catalytic act itself brings about a non-equivalence of the two active sites. The detailed mechanism of such an anticooperative interaction is not known, but may be related to that observed in the binding of Cu2+ to the Cu2+-free protein (Rigo et al., 1977 ). This appears to be a co-operative process (Rigo et al., 1977) and should involve some kind of interaction between the two subunits.
In this context, it should be recalled that isolated monomers of a superoxide dismutase from wheat germ, which is very similar to the bovine enzyme, are practically inactive and recover the enzyme activity on reassociation of dimers (Marmocchi et al., 1974) .
On the other hand, from the results presented above, a single Cu2+ ion on a subunit located inside the intact dimer structure seems to be fully active. It would therefore be interesting to look at the protein containing only one CU2+ ion.
